Despite the rising incidence of type 2 diabetes in Korean immigrants, little is known about glucose control in these individuals. This descriptive study examined factors influencing glucose control in Korean immigrants with type 2 diabetes. Participants were 143 Korean immigrants with type 2 diabetes who completed questionnaires, a finger stick blood test for glycosylated hemoglobin (HbA1c), and anthropometric measures. The mean HbA1c level was 7.6 % (SD = 1.5; range = 5.6 to 12.5). Less than half of the participants (41.3%) met the American Diabetes Association's goal of less than 7%. After adjusting for demographic and health variables, family diet support, waist-to-hip ratio (WHR), the duration of diabetes, the number of diabetic medications, and age significantly influenced glucose control. Findings support the positive role of family involvement in diabetes management. Patients with long-standing diabetes, higher WHR, and more diabetic medications deserve special attention because they tend to have higher HbA1c levels.
influencing glucose control in this group. The findings will help clinicians plan and provide better diabetes care in this population.
Type 2 Diabetes and Korean Immigrants
Diabetes mellitus is a metabolic disease characterized by hyperglycemia due to impaired insulin secretion, insulin metabolism, or both (Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 1999) . Impaired insulin use rather than lack of insulin production is often associated with type 2 diabetes, which accounts for more than 90% of diabetic cases in the United States and most industrialized countries (Mann, 2002) . In 2005, the estimated prevalence of diabetes among adults in the United States was 9.6%, and the incidence is on the rise (National Institute of Diabetes and Digestive and Kidney Diseases, 2005) .
Following the national trend, the incidence of type 2 diabetes among Asian Americans and Pacific Islander (AAPI) groups is rapidly rising (Caballero, 2004) . Koreans are the fifth largest AAPI group and constitute 12% of that population (U.S. Census Bureau, 2000) . Although national statistics on the prevalence of type 2 diabetes in Korean immigrants are not available, an epidemiological study conducted in the Baltimore area reported that the incidence of diabetes in elderly Korean American men was higher than in any other ethnic group, including Blacks and Hispanics (M. T. Kim, Juon, Hill, Post, & Kim, 2001) .
Despite the significant impact of glucose control on diabetes-related complications in type 2 diabetes (United Kingdom Prospective Diabetes Study Group, 1998) , information on Korean immigrants with type 2 diabetes is scarce. And even less is known about bio-behavioral and psychosocial factors that influence the optimal management of diabetes in this population. Recent studies of other ethnic groups, however, suggest that family support, acculturation, and certain demographic and health variables, such as anthropometric measurements, may play a significant role in maintaining adequate glucose control in individuals with type 2 diabetes.
Family members create a shared social reality that is linked to health (Kleinman, Eisenberg, & Good, 1978) . Behaviors that influence health are strongly influenced by families. Lifestyle behaviors (e.g., diet, exercise, and smoking) and health care behaviors (e.g., adherence to a medical regimen) are usually developed, maintained, or changed within the family setting (Campbell, 2003) . The family environment has particular relevance for patients with type 2 diabetes because behaviors, such as food preparation and exercise monitoring, are the mainstays of disease management, and these behaviors evolve through or take place within the family setting (Hauser, 1990) . Family members' responses to the disease and to disease management can affect a patient's self-care behavior (Fisher & Weihs, 2000) .
Research on familial influence on diabetes management in adults with type 2 diabetes is limited in general and is extremely limited in Asian immigrants (Esperat, Inouye, Gonzalez, Owen, & Feng, 2004) . Published studies of various ethnic populations that have examined the relationships between family support, self-care behavior, and metabolic control in adults have reported mixed results. Some studies have shown that strong family support appears to have a positive impact on glycemic control and self-care behaviors (Fisher et al., 2004; Ilias, Hatzimichelakis, Souvatzoglou, Anagnostopoulou, & Tselebis, 2001; Wen, Shepherd, & Parchman, 2004) , whereas other studies have found no relationship (Chyun et al., 2006; Gleeson-Kreig, Bernal, & Woolley, 2002) . Although these studies provide evidence for the family's influence on diabetes self-care and management, not one has examined the direct effect of diabetes-specific family support on clinical outcome, as measured by glycemic control in ethnic minorities.
Family relationships are vital in the Korean culture. As with Chinese people, Koreans adhere to traditional Confucian principles of family organization that view harmony as the source of family well-being. Filial piety plays a significant role in caregiving practices, and adult children have an obligation to care for their ill parents. Koreans are taught to be self-sufficient and to seek help only from within the family if they cannot cope with a situation on their own (Uba, 1994) . Although socioeconomic conditions may redefine the role of each family member and cause changes in the traditional family structure and dynamics (J. H. Kim & Theis, 2000) , a family is hypothesized to be a strong influence in Korean immigrants because their culture values familial and group collectivism. To date however, little is known about the direct role of family support in glycemic control in this family-oriented group.
When people immigrate to a new country, their risk of disease gradually shifts to resemble that of the native residents (Gomez, Kelsey, Glaser, Lee, & Sidney, 2004) . This shift in disease risk may result from changes in health beliefs and behaviors that occur as immigrants assimilate the health practices of the new country (Unger et al., 2000) . Acculturation, defined as the process by which foreign-born individuals adopt the values, beliefs, norms, attitudes, and behaviors of the mainstream culture (Suinn, 1998) , has been examined as an explanatory variable in a variety of health conditions in studies of ethnic minorities, including type 2 diabetes. Although findings indicate that significant changes in diabetes risk and behavior are associated with acculturation (Kandula, Kersey, & Lurie, 2004; Salant & Lauderdale, 2003; Singh & Miller, 2004) , the direction of the relationship is inconsistent throughout the studies. For example, less acculturated Arab Americans and Mexican Americans are generally at greater risk of diabetes than those with greater acculturation (Hazuda, Haffner, Stern, & Eifler, 1988; Jaber, Brown, Hammad, Zhu, & Herman, 2003) , although more acculturation is associated with increased risk of diabetes in Japanese Americans (Gomez et al., 2004; Huang, Rodriguez, Burchfiel, Chyou, & Curb, 1996) . Acculturation is not associated with diabetes self-care and management in elderly Mexican American and Chinese American patients with type 2 diabetes (Fisher et al., 2004; Wen et al., 2004) . Although no such study has been done in diabetic Korean immigrants, a few epidemiological studies indicate that acculturation is associated with obesity, lack of physical activity, diet, and smoking behaviors in Korean Americans (Lee, Sobal, & Frongillo, 2000; Song et al., 2004) .
Many biological parameters have been suggested to predispose an individual to type 2 diabetes, including obesity. Although earlier studies do not show a link between diabetes and obesity in Asians, these findings are attributed to a lack of consideration for ethnic variation in anthropometric criteria for obesity (Park et al., 2005; Yoshiike, Matsumura, & Zaman, 1998) . When the definition of obesity was corrected for ethnicity and the criteria lowered for Asians, studies found a strong association between body mass index (BMI) and glucose level (Chang et al., 2004; Sung, Sung, Kim, & Kim, 2001) . Although a recent epidemiological study reports that both BMI and waist-to-hip ratio (WHR) measures were positively associated with diabetes risk in nondiabetic individuals (Schulze et al., 2006) , it has not been ascertained if these measures continue to predict glucose control in people with type 2 diabetes.
Purpose
The purpose of this study was to describe the level of diabetes control, examine potential correlates of glucose control (family support, acculturation, BMI, WHR, years with diabetes, the number of diabetic medications, age, gender, and education), and test the association between selected correlates and the level of glucose control in Korean immigrants with type 2 diabetes.
Method Design and Sample
This cross-sectional descriptive study enrolled a convenience sample of 143 immigrant Korean men and women with type 2 diabetes between 30 and 80 years of age. Participants were recruited with flyers and posters from a variety of community sites in a West Coast Koreatown, including two health center clinic waiting areas, pharmacies, and shopping malls. The participants were self-identified as Korean-born immigrants with a diagnosis of type 2 diabetes for at least 1 year and able to speak, read, and write in Korean or English. The study was approved by a university institutional review board, and all participants provided written informed consent.
Procedures
After obtaining study consent, participants were asked to complete questionnaires (e.g., demographic and health history, the Short Acculturation Scale for Koreans, and the Diabetes Family Behavior Checklist-II) in either English or Korean according to their preference. Upon completing the questionnaire, a participant was given a finger stick blood test to assess his or her level of glycosylated hemoglobin (HbA1c) and was measured to calculate BMI and WHR. HbA1c levels were obtained by the researcher or a staff nurse at one of the study sites using standardized procedures. When data collection was completed, participants were given the results of their HbA1c and anthropometric measures.
Measures

Glycosylated Hemoglobin: The Dependent Variable
The HbA1c level was measured from a finger stick sample of whole blood by the A1c Now Inview (Metrika, Sunnyvale, CA), an instrument certified by the National Glycohemoglobin Standardization Program. HbA1c was also obtained from those patients who were recruited at a health center and who offered their recorded HbA1c levels for the study. Because the clinic uses the same instrument (A1cNow Inview) as this study and these values were recorded by the clinic staff, participant-provided results were used if they were less than 3 months old instead of doing new finger stick tests.
Independent Variables
Three sets of independent variables were established for this study: family support, acculturation, and demographic and health variables.
Family support. Family support was measured by the Diabetes Family Behavior Checklist-II (DFBCII; Glasgow & Toobert, 1988) . The scale was developed to assess supportive and nonsupportive family behaviors specific to diabetes on a 5-point Likert-type scale in the following areas: medication compliance, glucose testing, exercise, and diet. Scores can be calculated in several ways: a supportive summary score, a nonsupportive summary score, and regimen-specific composite scores. Previous studies indicate that subscales are stronger predictors of their respective areas of regimen adherence than either the overall supportive or nonsupportive summary score (Glasgow & Toobert, 1988) . This study used two regimen-specific subscales (diet and exercise) to assess diabetes family support because these lifestyle behaviors are the mainstays of type 2 diabetes management; compliance and glucose testing were not assessed. Nonsupportive items in these subscales were reverse coded, summed for total subscale scores, and then averaged to obtain mean scores. Higher scores indicate a stronger perception of supportive interaction. The internal consistency (Cronbach's alpha) of this sample was .59 for the diet subscale and .76 for the exercise subscale. The DFBCII has not been validated in the Korean population. However, the authors of the scale indicated that lower internal consistency would be expected in subscales given the few items contributing to these scores (Glasgow & Toobert, 1988) .
Acculturation. Acculturation was measured with a Korean translation of the Short Acculturation Scale for Hispanics (Marin, Otero-Sabogal, & Perez-Stable, 1987) . This 12-item scale has a 5-point Likert-type format and measures acculturation in three domains: language, media, and ethnic social relations. The possible total score ranges from 12 to 60. The mean score can be used as an interval scale, where scores close to 5 indicate high levels of acculturation and those close to 1 indicate little acculturation. The scale has been widely used in health care research with Hispanic populations and has a reported reliability of .92 in that population (Marin et al., 1987) . To the best of the researchers' knowledge, it has not been used in a Korean sample. Internal consistency (Cronbach's alpha) for this study sample was .93. This unidimentional acculturation scale with a strong language component was chosen for the study based on literature indicating the importance of language acculturation in accessing and obtaining health care and health information (Ngo-Metzger et al., 2003; Perez-Stable, Napoles-Springer, & Miramontes, 1997; Solis, Marks, Garcia, & Shelton, 1990) .
Demographics and health variables. Information on age, gender, education, years with diabetes, and the number of diabetic medications was obtained from patient self-report on the questionnaire. To determine body mass index and waist-to-hip ratio, height, weight, waist, and hip circumferences were measured. Height was measured in centimeters, without shoes, using a nonstretching measuring tape secured to the wall. Weight was measured in kilograms by a professional body weight scale; participants wore light clothing and no shoes or belongings (e.g., keys and cell phones). The BMI was calculated using the formula for BMI = kg/m 2 . Waist circumference was measured in centimeters by placing a nonstretching measuring tape in a horizontal plane around the bare abdomen at the top of the iliac crest or just above the hip bone. The reading was taken at the end of an expiration, making sure that the tape was secure but not too tight. The hip measurement was taken at the point yielding maximum circumference over the buttocks. The WHR was calculated by dividing the waist measurement by the hip measurement.
Translation of Instruments
For this study, the Short Acculturation Scale for Hispanics (English version) and the DFBC were translated into Korean by the lead author and then back translated into English by a bilingual graduate student nurse using techniques suggested by Brislin (1986) . Any discrepancies were resolved by the consensus of three bilingual Korean immigrants, two of whom were health care professionals and a volunteer translator at a medical center near the Korean community. The instrument was pilot tested with five diabetic patients in the same Korean community sites as the study population. A few problems were noted with the exact translation of some of words into Korean. Based on the feedback of the pilot test participants, the three bilingual reviewers debated and decided to use the words whose meanings in Korean are closer to those in the scale's original version and better understood by participants.
Statistical Analyses
Descriptive statistics provided information on the variables in this study. Bivariate analyses were conducted to evaluate the relationship between the independent variables and HbA1c. Independent variables were examined for multicollinearity. To address this study's research question, a multiple linear regression was done in which the level of glucose control, measured by HbA1c, was the dependent variable and family support, acculturation, BMI, WHR, the number of years with diabetes, the number of diabetic medications, age, gender, and education were the independent variables. First, the overall R 2 of the complete model was examined for significance. If the overall model was significant, the unique contribution of each separate independent variable in explaining the variance in HbA1c was tested. Data were analyzed using the Statistical Package for the Social Sciences, Version 12.0.
Results
Of the 150 interested participants who met the inclusion criteria, 7 declined participation. Their reasons included "not having enough time for the entire study," "want to do blood test only," and "need to talk with family first." A total of 143 patients participated in the study, and all preferred the Korean version of the questionnaire. The sample was 51.7% women and the mean age was 62.4 years (SD = 12.8; range = 30 to 80). More than half (61.5%) were married and had higher than a college education (56.7%). The mean duration of living in the United States was 21.7 years (SD = 9.2), and the mean duration of diabetes was 6.8 years (SD = 6.2). More than two thirds (71.4%) lived alone or with another person, and approximately half of the total sample (52%) reported annual household income of less than $20,000. Our sociodemographic data revealed no noteworthy difference from recent health studies of Korean Americans (Shin, Song, Kim, & Probst, 2005; Sohn, 2004 ).
Glucose Control
The mean HbA1c level was 7.6 % (SD = 1.5; range 5.6 to 12.5; see Table  2 ). Less than half of the participants (41.3%) achieved the American Diabetes Association's (ADA) goal of less than 7% and only 23.1% reached the American Association of Clinical Endocrinologists' goal of less than 6.5%. Most were taking oral medication for glucose control (85.3%) and about one third (33.6%) of the participants were taking more than two drugs. Of those on oral medication, 11 (9%) were also on insulin.
Family Support, Acculturation, and Anthropometric Characteristics
The family member in most frequent contact with a patient was his or her spouse (62.2%), followed by children (27.3%), siblings, and others (10.5%). More than one third (40.6%) indicated that the family member with whom they had the most contact had little or no understanding of their diabetes management. The mean scores for diet-specific family support, exercise-specific family support, acculturation, BMI, and WHR are shown in Table 1 . Diet family support scores indicate a higher perception of supportive interaction than exercise support scores, although both indicate a moderate level of supportive interaction. The acculturation total mean score indicates a lower level of acculturation. According to the World Health Organization's suggested BMI for Asians (Steering Committee of the WHO, 2000) and the BMI classifications Sung et al. (2001) used in their recent Korean epidemiologic study, 45.4% of the sample in the current study was overweight (BMI 23 or above) and 35.7% was obese (BMI 27 or above).
Correlations Between Independent and Dependent Variables
The independent variables in the model included family support, acculturation, BMI, WHR, the duration of diabetes, the number of diabetic medications, age, gender, and education. Of these variables, bivariate correlations between family diet support, the duration of diabetes, WHR, and the number of diabetic medications were significant. The correlations between the independent variables and the dependent variable are shown in Table 2 . 
Multiple Regression Analyses
Multivariate linear regression analyses were conducted to examine the association of independent variables with the dependent variable (HbA1c). The independent variables were DFBC-II diet support, acculturation, BMI, WHR, duration of diabetes, the number of diabetic medications, age, gender, and education. The linear combination of these variables in the model was significantly related to the level of HbA1c, R 2 = .223, F(9, 133) = 4.24; p < .0001. The R 2 of .223 indicates that the model explained 22.3% of the total variance in HbA1c. After adjusting for the other variables in the model, diet family support, duration of diabetes, WHR, age, and the number of diabetic medications were significant predictors of glucose control. Longer duration of diabetes, higher WHR, and a greater number of diabetic medications were associated with higher levels of HbA1c, though stronger perceptions of positive family support with diet and older age were associated with lower levels of HbA1c. The result of the regression analysis is presented in Table 3 . 
Discussion
The purpose of this study was to describe the level of diabetes control and examine factors influencing glucose control in Korean immigrants with type 2 diabetes. According to ADA guidelines, glucose control was suboptimal. The study suggests that diet family support, WHR, duration of diabetes, the number of diabetic medications, and age were important determinants of glucose control in this group.
Glucose control observed in this study is consistent with recent studies. The mean HbA1c level (7.6%, SD = 1.5; range = 5.6 to 12.5) was similar to Fisher et al.'s (2004) finding in Chinese American patients with type 2 diabetes (7.4%, SD = 1.3; range = 4.5 to 11.9). The samples in these two studies were comparable in age, duration of residency in the United States, years with diabetes, and proportion of the sample using insulin. In comparing glucose control with the findings of Chyun et al. (2006) however, in which the study sample was predominantly White, fewer participants in this study met the ADA goal of < 7% (41% vs. 55%).
Family support specific to diet was found to have a significant positive influence on glycemic control in Korean immigrants with type 2 diabetes. This finding is consistent with Wen and colleagues' (2004) study that showed positive association between perceived family support and diet self-care. Furthermore, this finding demonstrates that family support in diet can have a direct impact on blood glucose outcome. Using a measure of family support specifically developed for diabetes, this study provides evidence for the importance of diet family support in the optimal management of type 2 diabetes in Korean immigrants. Health care providers working with this population should consider involving families in diabetes care, especially in diet management. Further research to investigate other areas in which family support can be effective in glycemic control may be beneficial.
With respect to anthropometric measures, the average BMI in this study (25.8 ± 3.2) was higher than 24.9 ± 0.5 in Japanese Americans with type 2 diabetes (McNeely et al., 2001) and 25.0 ± 2.8 in Chinese Americans with type 2 diabetes (Fisher et al., 2004) . The average WHR in this study (0.89 ± 0.05) was lower than that for Hispanics (0.93 ± 0.06) and European Americans (0.95 ± 0.09; but higher than Japanese Americans (0.87 ± 0.01; Nakashima et al., 2006) . No studies on Korean immigrants with type 2 diabetes were available for comparison. This finding however suggests that Korean immigrants with type 2 diabetes may be more obese than other Asian immigrants and thus may have more difficulty controlling their HbA1c.
WHR has been shown to be a better predictor for diabetes and atherosclerosis than BMI and is emerging as an effective anthropometric measure to assess the risk for these diseases (Schulze et al., 2006) . In Asian populations, WHR is positively associated with blood pressure and percentage body fat and shows better predictive power than BMI (Sakurai et al., 2006; Yang et al., 2006) . But there have been no investigations to determine if anthropometric measures predict glycemic control in those individuals already diagnosed with type 2 diabetes. In this study, WHR performed better than BMI in predicting the level of glucose control in type 2 diabetic Korean immigrants. Future studies examining which anthropometric measure is the most sensitive indicator of glucose control in this population may help clinicians to identify diabetic individuals who may require more intensive management.
Age was another important predictor of HbA1c but was inversely associated with the HbA1c level. Based on the lead investigator's field experience and previous epidemiologic studies that have shown that Korean Americans have the highest uninsured rate among Asian Americans and Pacific Islanders (Frisbie, Cho, & Hummer, 2002) , it is possible that few younger people can afford medical care for their diabetes. In fact, studies found that middle-aged Korean Americans (mean 42.4) were least likely to visit physicians among Asian Americans (Frisbie et al., 2002) . Thus, many young diabetic individuals may turn to pharmacies, health food stores, or the Internet for self-treatment instead of seeking proper medical care, resulting in poor glucose control. Because this study was conducted in a West Coast Koreatown where a number of clinics and Korean-speaking providers are available, language or cultural barriers are less likely to be reasons for limited access to care.
Busy work and family schedules may explain why younger, asymptomatic, diabetic Korean immigrants are not seeking diabetic care as recommended. In addition, psychosocial factors-differing perceptions of illness from older people or denial-may affect how well younger people adhere to recommended care. The inverse relationship of age with HbA1c levels observed in this study deserves further investigation for potential variables that may influence the negative relationship.
In this study, acculturation was not linked to glucose control. Despite the average time of residency in the United States, the overall acculturation level in this sample was low, as reflected by the participants' mean scores on the acculturation scale and by their infrequent use of English (all participants completed the Korean version of the questionnaire). This finding is consistent with J. Kim and Chan's (2004) study that reported low level of acculturation in Korean Americans residing in East Coast Korean American communities with an average of 9.9 years (SD = 7.2) of residency in the United States. Low level of acculturation was also found in Chinese Americans with type 2 diabetes who have lived in the United States an average of 20.7 years (SD = 13.0; Fisher et al., 2004) . Acculturation in both studies was measured by the Suinn-Lew Asian Self-Identity Acculturation Scale (Suinn, 1998) . These findings however suggest that health care providers cannot expect the number of years lived in the United States to indicate a patient's acculturation level based on scale response.
Following recommended diabetes diet regimen can be particularly challenging for Korean immigrants with type 2 diabetes because staples in traditional Korean diet are high in carbohydrate. Yet, most Korean immigrants eat Korean meals (Sohn, 2004) and although more acculturated Korean Americans tend to consume more American food, starches are consumed most often (Lee et al., 1999) . In consideration of possible implications of acculturation and change in diet, using an acculturation scale that captures diet would have added to this study.
Several limitations of this research should be noted. First, the study design is cross-sectional; thus, causality cannot be determined. Second, the study used a convenience sample from community settings in a West Coast Koreatown; thus, results may not be generalizable to Korean immigrants living in other areas of the country. Third, the acculturation scale used in this study was the first in this population. It is possible that the scale did not capture the domains of acculturation that are considered important in Koreans, and this may have influenced the study's outcome. Fourth, due to difficulty recruiting younger participants, the sample was overrepresented by people older than 65. Thus, generalizing findings from this study to younger age groups may not be appropriate. Finally, other potentially important behavioral and psychosocial factors that could influence glucose control in Korean immigrants with type 2 diabetes may be missing and this may have resulted in the limited amount of variance explained by the selected variables in this study. Therefore, results from this study should be interpreted cautiously within this context.
In sum, this study provides information on glucose control and factors influencing HbA1c levels in Korean immigrants with type 2 diabetes. To the lead researcher's knowledge, no such data have been published on this group despite the increasing incidence of type 2 diabetes in the immigrant Korean community. Diabetic Korean immigrants who are younger, taking more diabetic medications, have had diabetes longer, have higher WHR, and have less family support with their diet management deserve special attention because their diabetes tends to be less well controlled.
